13C NMR spectroscopy of Methanobacterium thermoautotrophicum. Carbon fluxes and primary metabolic pathways.
The flux of 13C-labeled carbons from the soluble metabolite 2,3-cyclopyrophosphoglycerate (CPP), a novel compound found in high concentrations exclusively in methanobacteria and methanobrevibacter, into carbohydrate-containing material has been deduced by solid-state 13C NMR spectroscopy which strongly argues for a role in gluconeogenesis for this unique metabolite. The turnover rates, but not the steady-state levels, of CPP labeled by 13CO2 or [13C]acetate depend dramatically on cell growth conditions. When the demand for carbohydrate synthesis is reduced (i.e. in stationary phase), the rates of CPP biosynthesis and degradation decrease 10-fold, and the disaccharide alpha, alpha-trehalose accumulates. Valinomycin, a metabolic inhibitor of Methanobacterium thermoautotrophicum growth, does not affect steady-state levels of CPP, but does decrease 13C uptake into the CPP pool. The effects of these different conditions on CPP labeling suggest stringent regulation of CPP linked to cellular metabolism. Labeling of CPP by [6-(13)C]glucose, which does not serve as an energy or carbon source for this organism, provides strong evidence that glucose is cleaved by the reverse of the gluconeogenesis pathway. This metabolic pathway linking glucose with triose phosphate type precursors and an analysis of the 13C NMR spectrum of CPP labeled by incubating cells with [U-13C]glucose have established that in vivo phosphoenolpyruvate synthetase must be reversible.